The present study investigates the effectiveness of a new adsorbent prepared from agricultural wastes, namely rice husk silica as well as raw rice husk and rice bran to remove Cr from aquatic solutions.
INTRODUCTION
activated carbon is expensive to remove pollutants;
Heavy metals are considered as important inexpensive adsorbents instead of expensive environmental pollutants, because of their toxicity for one [6] . Today, especial attention has been devoted to environment and human [1, 2] . Hexavalent chromium (Cr ) the study of elimination of heavy metals from water +6 is a usual and very toxic pollutant introduced into different and wastewater by adsorption using agricultural water sources from a variety of industrial process [3] .
wastes [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . The main goal of this study was to Chromium is in either Cr (III) or Cr (VI) oxidation statuses, synthesis and application of an inexpensive as all other oxidation conditions are not stable in aquatic adsorbent derived from rice husk and its application environment. The Cr is 100-1000 times more toxic to to remove hexavalent chromium pollutant. Hence, +6 organisms than Cr and more readily transported into present study investigated the effectiveness of a +3 soils [4] . Commercial activated carbons and carbon new adsorbent prepared from agricultural wastes, nanotube have been extensively used for removal of namely rice husk silica as well as raw rice husk and rice heavy metals from aquatic environment and other bran to remove hexavalent chromium from aquatic adsorption processes [5] . Because using commercial solutions.
thus, today a large and considerable study are finding 
MATERIALS AND METHODS
where RE is the removal efficiency (%), C and C are the
The batch removal of Cr from aqueous solution (mg/L) [21] [22] [23] [24] .
+6
using three low-cost adsorbents: raw rice husk, rice bran and rice husk silica under different experimental RESULTS AND DISCUSSION conditions were investigated. The raw rice husk and rice bran was collected from North of Iran and the rice husk
The physico-chemical characteristics of the silica was prepared according to the method proposed by adsorbents showed that carbon is the highest element Jamwal and Mantri [20] . Base on this method, the raw rice percentage of the CHN analysis in the raw rice husk, but husk was first washed with tap water to remove the the silica derived from rice husk showed a high contaminants and then it was dried in an oven at 110°C for percentage of SiO up to 94.24%. Some of the important 24 hrs. After that, it was subjected to acid leaching by physico-chemical characteristics of the rice husk silica refluxing it in 3% (v/v) chloridric acid (HCL) and 10% (v/v) and raw rice husk used in this study are summarized in sulphuric acid (H SO ) for 2 hours and at a ratio of 50 g Table 1 . 2 4 husk/L. The husk was thoroughly washed with distilled The Scanning Electron Microscope (SEM) of the water and then dried in an air oven at 100°C. Finally, it was adsorbents showed that, when the raw rice husk goes burned inside a muffle furnace at temperature of 800°C for under on the acid leaching and combustion processes at 4 hours in static air. A schematic process to preparation high temperature, it reduces the crystallization cells and of silica from raw rice husk is showed in Figure ( 
In addition, in this research the correlation between
The experimental data were also fitted using two increasing of initial concentration of Cr and removal adsorption models including Freundlich and Longmuir.
+6
efficiency was studied using the Pearson correlation The constants coefficients for Freundlich and analysis. For this purpose the correlation between Langmuir adsorption isothermsare summarized in Table 2 . increasing of initial concentration of Cr (1, 5, 10 and 15
The value of media pH is very important to remove +6 mg/L) at pH = 2, adsorbents dosage = 1.0 g/L and contact Cr , which is the toxic type of chromium. The result of time = 60 min were studied. The results are illustrated in this study showed that the adsorption of hexavalent Figure 6 . chromium is highly pH-dependent and the best pH for the removal of hexavalent chromium was found to be chromiun, 60 min of contact time, pH = 2 and adsorbents acidic condition at pH value of 2 for the three adsorbents.
Langmuir Coefficients Freundlich Coefficients --------------------------------------------------------------------------------------------------------------------------------
dosage of 1.0 g/L. However, at the same condition the This result is in agreement with reported data by Khazaei maximum removal efficiency by raw rice husk and rice et al. [14] which showed the optimum initial pH was husk silica obtained 82.3 and 88.4%, respectively. observed at pH = 2.0 to remove hexavalent chromium A removal efficiency of hexavalent chromium up to 42% using agricultural waste. Demirbas et al. [8] reported an with 30 min contact time using activated carbon derived optimum pH of 1.0 for adsorption of hexavalent chromium from rice husk was obtained. However, a maximum ions from aqueous solutions using activated carbons removal efficiency of hexavalent chromium up to 61% with prepared from agricultural wastes. However to remove 180 min contact time was reported [25] . Moreover, a cadmium, zinc and lead, Kafika et al. [16] have reported an negative strong significant correlation between increasing increasing of heavy metals adsorption with increasing of of initial concentration of hexavalent chromium and pH.
removal efficiency was detected by the three adsorbents In this study, the maximum removal efficiency of (p<0.01). Khazaie et al. [14] reported a decreasing removal hexavalent chromium was obtained by rice bran up to adsorption of hexavalent chromium with increasing of 98.8% at 5.0 mg/L initial concentration of hexavalent initial concentration. They pointed out that "at low 
